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Abstract 19 
 20 
  Pascoite mineral having yellow-orange colour of Colorado, USA origin has been 21 
characterized by EPR, optical and NIR spectroscopy. The colour dark red-orange to 22 
yellow-orange colour of the pascoite indicates that the mineral contain mixed valency of 23 
vanadium. The optical spectrum exhibits a number of electronic bands due to presence of 24 
VO(II) ions in the mineral.   From EPR studies, the parameters of g, A are evaluated and 25 
the data confirm that the ion is in distorted octahedron. Optical absorption studies reveal 26 
that two sets of VO(II) is in distorted octahedron.  The bands in NIR spectra are due to 27 
the overtones and combinations of water molecules.  28 
 29 
1. Introduction 30 
 31 
Pascoite is a vanadium hydrous mineral belonging to pascoite group. This group 32 
of minerals is classified as follows[1] 33 
 34 
Pascoite    Ca3[V10O28]17H2O 35 
Magnesio-pascoite   Ca2Mg[V10O28]16H2O   36 
Lasalite              Na2 Mg2[V10O28]20H2O  37 
 38 
 Pascoite is dark red-orange to yellow-orange.  It contains V2O5 = 65.71, CaO = 39 
12.16 and H2O = 22.13 wt%.   [2]. The crystal structure of pascoite Ca3[V10O28]·17H2O   40 
reveal that the mineral crystallizes in space group C2/m,  with cell parameters. a = 41 
16.834(3) b = 10.156(2) c = 10.921(2). [2,3]   The structural unit, or anionic portion of 42 
the atomic arrangement in pascoite, is the decavanadate polyanion (V10O28)6–.  The 43 
decavanadate groups together are interstitial groups, formed of the cationic group 44 
{Ca3(H2O)17}6+. All oxygen atoms in the interstitial complex occur as (H2O) groups, in 45 
contrast to the structural unit, which is devoid of hydrogen atoms. There are two distinct 46 
Ca atoms in the interstitial complex [4,5]. Though the formula indicates vanadium is in 47 
+5 state would have originated from V(IV) oxidation state during the mineral process.  48 
However, the colour dark red-orange to yellow-orange colour of the pascoite indicates 49 
that the mineral contain mixed valency of vanadium.  Raman and infrared spectral studies 50 
on pascoite have been reported [6].   51 
Transition metal ions such as Fe(III),Mn(II) and V(IV) display a rich coordination 52 
in minerals.  Electron paramagnetic resonance (EPR) as the most powerful analytical 53 
technique for the identification and characterization of these metal ions in natural 54 
systems.  However no EPR and optical absorption, NIR spectral studies have been done. 55 
Hence, optical absorption, NIR and EPR studies on pascoite mineral have been 56 
undertaken in this study. 57 
 58 
Experimental   59 
 60 
Yellow brownish coloured pascoite sample, originating from West Sunday mine, 61 
San Mogul Country, Calorada, USA (gifted by Herman Geothals, Belgium) is used in the 62 
present investigations. EPR spectra of the powdered sample are recorded at room (RT) 63 
and liquid nitrogen temperatures (77 K) (LNT) on JEOL JES-TE100 ESR spectrometer 64 
operating at X-band frequencies (ν = 9.38458 for RT and for LNT ν = 9.07309 GHz), 65 
having a 100 KHz field modulation to obtain a first derivative EPR spectrum. DPPH with 66 
a g value of 2.0036 is used for g factor calculations.  Optical absorption spectrum of the 67 
sample was recorded at room temperature in the region 200- 2500 nm on a Varian Cary 68 
5E UV-Vis- NIR spectrophotometer.  Band component analysis was undertaken using the 69 
Jandel “PEAKFIT” software package which enabled the type of fitting function to be 70 
selected and specific parameters to be fixed or varied accordingly. Band fitting was 71 
carried out using a Lorentz–Gauss cross product function with a minimum number of 72 
component bands used for the fitting process. The Lorentz–Gauss ratio was maintained at 73 
values greater than 0.7 and fitting was undertaken until reproducible results were 74 
obtained with squared correlations of r2  greater than 0.9975.  75 
 76 
 77 
Theory 78 
 79 
 Vanadium in its tetravalent state invariably exists as the molecular VO(II) ion 80 
(vanadyl).  The VO(II) ion has a single d electron which gives rise to the free ion term 81 
2D.  In a crystal field of octahedral symmetry, this electron occupies the lowest t2g orbital 82 
and gives rise to ground state term 2T2g.  When the electron absorbs energy, it is excited 83 
to the upper eg orbital and gives rise to the 2Eg term.  Accordingly in octahedral 84 
symmetry, only one band corresponding to the transition 2T2g → 2E is expected. Because 85 
of the non-symmetrical alignment of the V=O bond along the symmetry axis, the site 86 
symmetry in general is lowered to tetragonal (C4V) or rhombic (C2V).  In C4V site 87 
symmetry 2T2g splits into 2B2 and 2E, where as 2Eg splits into 2B1, 2A1.  Accordingly three 88 
bands are expected.  The degeneracy of 2E is also removed in rhombic symmetry 89 
resulting four bands. For VO(II) three d-d transition bands are expected for VO(II) in C4v 90 
symmetry in the range 11000 –14000, 14800 – 19000  and 20000 – 31250 cm-1 [7].  The 91 
relative positions of the energy levels along with their corresponding expressions are 92 
given below: 93 
2B2  :         - 4Dq + 2Ds –  Dt 94 
2E    :        - 4Dq -   Ds + 4Dt 95 
2B1   :          6Dq +2Ds  -   Dt 96 
2A1   :          6Dq - 2Ds  - 6Dt. 97 
 98 
VO(II) ion which has S= ½ and I = 7/2 the EPR spectrum shows hyperfine pattern of 99 
eight equidistant lines. In C4v symmetry two sets of eight lines are expected (sixteen-line 100 
pattern), where as in C2v symmetry three sets of eight lines are expected. Further the 101 
vanadyal ions in octahedral coordination with tetragonal distortion and the trend 11g < 102 
g < ge shows the presence of unpaired electron in the xyd  orbital.  This show that VO(II) 103 
ions are characteristic of tetragonally compressed complex.  104 
 105 
Using optical absorption and EPR data, molecular orbital coefficients can be 106 
evaluated by using the following equations [8] 107 
 eggE  111
8  108 
 109 
 eggE  
2
2  110 
         111 
Here g11 and g are the spectroscopic splitting factors parallel and perpendicular to the 112 
magnetic field directions. ge = 2.0023 free electron value. 113 
E1 is the energy of   2B2    2B1   and E2 is the energy of  2B2    2E. 114 
P dipolar hyperfine coupling constant. 115 
k is the Fermi contact term. 116 
 is the spin-orbit coupling constant for the free vanadium. 117 
 118 
EPR studies  119 
 120 
The EPR spectrum of polycrystalline sample of pascoite recorded at room 121 
temperature is shown in Fig.1.  From the figure an unresolved resonance line is noticed 122 
with g = 2.00. Which may be due to VO(II) ion in the mineral. Cooling the sample to 123 
liquid nitrogen temperature altered the nature of the EPR spectrum and is shown in Fig.2 124 
 125 
Fig.1 EPR spectrum of pascoite at room temperature (ν = 9.38458) 126 
 127 
 128 
Fig.2 EPR spectrum of pascoite at liquid nitrogen temperature (ν = 9.07309 GHz) 129 
In the crystal lattice there are two distinct Ca atoms.  Suppose the VO(II) ion 130 
enters these two sites then one can expect a complicated EPR spectrum. From the Fig. 2  131 
it is observed that there are two chemically non-equivalent sites which are indicated as 132 
site I and site II. If vanadium is present in the mineral as vanadyl ion,  it exhibits the 133 
characteristic eight-line pattern due to the hyperfine coupling of a single unpaired 134 
electron with the most abundant isotopic 51V (spin = 7/2) nucleus.  From the position of 135 
peaks and their separations the following spin Hamiltonian parameters are evaluated.  136 
The calculated g and A values of pascoite along with the reported values of VO(II) of 137 
certain minerals  are given in Table -1.  The agreement between presently investigated 138 
and earlier reported values is satisfactorily [9-11]. 139 
Table -1 140 
Various EPR parameters of VO(II) in mineral compounds 141 
Mineral name 11g  g  11A  mT A mT Ref. 
Kainite 
 
Apophyllite 
 
Pascoite  site I 
siteII 
1.932
 
1.933
 
1.933
1.946
1.983
 
1.982
 
1.988
1.976
17.7 
 
18.02 
 
18.50 
20.00 
6.9 
 
6.02 
 
7.6 
8.2 
[9] 
 
[10,11] 
 
Present 
work 
 142 
 143 
By correlating the EPR results and the spin-orbit coupling constant λ the optical 144 
absorption bands are evaluated using the following formulae [8]   145 


  1111
8
egg   :11     2B2   →    2B1 146 
 147 
            2egg   :     2B2   →    2E are the energies. 148 
 149 
By assuming  =150 cm-1 which is less than free ion value of 160 cm-1 [12] indicates 150 
9.1%  covalent bonding in the mineral. The EPR results can provide information to 151 
identify the two optical absorption bands of lowest energy.  Using the  11g  (1.933, 1.948) 152 
g (1.988 and 1.976) and by assuming the spin-orbit splitting constant ( ) as 150 cm-1 153 
instead of 160 cm-1 for free ion value [12], the optical absorption band positions are 154 
evaluated using the equations given in the theory.[8].  The calculated values of energies 155 
are 17316, 20979 cm-1 for site I and 11406, 21314 cm-1 for site II. 156 
. 157 
Optical absorption spectral results 158 
Optical absorption and NIR spectrum of pascoite recorded in the mull form at RT 159 
is shown in Fig.3 and Fig.4. The spectrum shows energies at 48310, 44445, 36900, 160 
35115, 21415, 16000, 14450, 12255,10670,9240, 8390,8235,7545, 7210, 6775 and 6960 161 
cm-1 in the UV–Vis and NIR regions.  162 
For easy analysis of the spectrum the bands are divided into two sets.  They are 163 
12255, 14450, 21415 cm-1 as first set and 12255, 16670, 21415 cm-1 as second set. The 164 
band observed at 14550 and 16670 cm-1 the energy separation (16670 -14450 = 2220 cm -165 
1 or the band assigned to 2B2 → 2E do not agreeing with the H-O-H bending mode of the 166 
water molecules.  The fundamental frequency of H-O-H bend vibration observed in IR 167 
spectrum is 1655 cm-1. The occurrence of three bands suggests tetragonal symmetry.  168 
These are assigned to the transitions 2B2    2E , 2B2    2B1 and 2B2    2A1 169 
respectively. Using the following formulae,   170 
2B2g    2Eg   =    -3Ds +  5Dt 171 
            2B2g    2B1g =      10Dq 172 
           2B2g    2A1g   =      10Dq  -  4Ds  -  5Dt. 173 
The octahedral (Dq) and tetragonal (Ds,Dt) crystal field parameters are evaluated 174 
from the observed band positions.  The evaluated parameters along with the assignments 175 
of bands are given in Table 2. 176 
  177 
Table 2 178 
Band headed data with assignments for VO(II) in pascoite 179 
Site I Dq = 1445 cm-1   Ds = -2765 cm-1,   Dt = 803 cm-1. 180 
Site I Dq = 1600 cm-1   Ds = -2524 cm-1,   Dt = 937 cm-1. 181 
Site I Site II Transitions 
Wave 
length 
(nm) 
Wave number (cm-1) Wave 
length 
(nm) 
Wave number (cm-1) 
Observed Calculated Observed Calculated 
816 
 
692 
 
467 
 
280 
 
271 
12255 
 
14450 
 
21415 
 
35115 
 
36900 
12250 
 
14450 
 
21415 
 
CT 
 
CT 
816 
 
625 
 
467 
 
225 
 
207 
12255 
 
16000 
 
21415 
 
44445 
 
48310 
12257 
 
16000 
 
21411 
 
CT 
 
CT 
2B2g    2A1g 
 
2B2g    2B1g  
 
2B2g    2Eg , 
 
---- 
 
----- 
 182 
 183 
Fig.3. Optical absorption spectrum of pascoite at room 184 
 185 
The optical absorption and EPR results fairly agree with the observed optical absorption 186 
bands at 12255, 16000 and 21415 cm-1 in the spectrum.   187 
The bands observed at 35115, 36900, 44445 48310 cm-1 on higher energy side 188 
have the characteristic of metal-ligand charge transfer (CT) transitions.  The bands 189 
observed at 35115, 36900 cm-1 are probably due to the charge transfer between the 190 
vanadyl oxygen and the vanadium atom.  The other two sharp bands at 44445 and 48310 191 
cm-1 might be due to charge transfer from sigma bonded water oxygen to the metal ion. 192 
Admixture coefficients 193 
 194 
Using the EPR data the admixture coefficients have been calculated from the 195 
following formulae [13] 196 
 23222111 232 CCCg   197 
 3214 CCCg   and 1232221  CCC  198 
   

 

  321231111 17
321
7
15 CCCCkgPA  199 


 

   7
92
14
11
21 kCCgpA  200 
From the above equations P and k values are calculated for VO(II) in the mineral and are 201 
given in Table-3 along with the values of admixture coefficients. 202 
 203 
Table-3 204 
Admixture coefficients of VO(II) ion  205 
Sample                C1          C2            C3              K           P (x 10-4 cm-1)             Ref. 
Apophyllite     0.7083     0.7124     0.0028      0.86           122.7                         [14] 
 
Pascoite           0.7010     0.7116     0.0035      0.36           118.4        site I    present work 
                        0.7090     0.7285     0.03174    0.34            143           site II  present work 
  206 
These values are in the normal range for other system.  P lies between 86 x 10-4 and 164 x 207 
10-4 cm-1 respectively. [15] 208 
 209 
NIR Results 210 
Water has C2v symmetry and gives three fundamental modes.  They are υ1, υ2 and 211 
υ3.  υ1 is the symmetric OH stretch, υ2 is H-O-H bending mode and υ3 is the asymmetric 212 
OH stretch.  In vapour phase, these modes occur at 3650 (υ1), 1595 (υ2) and 3755 (υ3)    213 
cm-1, [16] whereas in solid these they appear at 3220, 1620 and 3400 cm-1 respectively 214 
[17].  The shifting of υ1 and υ3 towards the lower frequency side and υ2 towards higher 215 
frequency is due to hydrogen bonding [18].  216 
 217 
Fig.4 shows NIR spectrum of pascoite at room temperature. The very sharp bands 218 
with maximum intensity observed at 8390 and 8235 cm-1 are assigned to the combination 219 
υ1 + υ2 + υ3 (3220 + 1620 + 3400 = 8240 cm-1) of water fundamentals. The OH stretching 220 
mode gives rise to the most common features in near-infrared region.  Hydroxyl exists as 221 
part of the structure and the stretching mode appears whenever water is present in any 222 
form.  The υOH overtone (2υOH) gives rise to a band in the NIR spectrum [18]. 223 
Accordingly the bands observed at 7545 and 7210 cm-1 are assigned to the first overtone 224 
of OH.  The very sharp bands observed at 6775 and 6760 cm-1 are due to 2υ3 of water 225 
molecules.  The two intense bands observed at 9240 and 10670 cm-1 are assigned to the 226 
two components of the transition 5T2g→ 5Eg which is clearly due to the trace of Fe(II) 227 
present in the sample.  The average of these two bands 9955 cm-1 is taken as 10Dq. 228 
 229 
 230 
Fig.4 . NIR spectrum of pascoite at room temperature. 231 
Conclusions 232 
1.  The chemical analysis of the sample indicate that 65.71 Wt% of V2O5 . and Ca atoms 233 
are in two interstitial positions. 234 
 235 
2. EPR spectral results indicating the vanadayl ion is present in two distinct sites. 236 
 237 
3. The optical absorption spectrum of mineral pascoite is due to vanadium and is in two 238 
sites.  The metal ion is in distorted octahedron environment.  Since the metal ion is in 239 
two distinct environments from the optical absorption spectrum broad and low intense 240 
bands are noticed [ 19] 241 
 242 
3. Near infrared spectra is due to water fundamentals and supports the formula of the 243 
mineral.   244 
 245 
4. The EPR results confirm the presence of vanadium in +4 state with tetragonally     246 
     distorted environment in the mineral.  The EPR results and optical absorption spectral                             247 
results are well agreeing..   248 
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